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CEAPT£R 1. 
iUTRODUCriOH. 

The Cranberry Marsh 16 inch Auger Pump was de* 
signed by Mr» 0. 3* Malde, Superintendent of the State 
ijcperimental Station on the Cranberry Marah near Grand 
Bapids, ffisoonsin. The pump is nurely a low-lift type 
of pump» designed to operate under heads not greater than 
six or eight feet. As it is used on the Cranberry Marsh 
it is driven by some type of gas engine, trial and exper- 
ience determining the power required and the speed of 
operation. If it was found that the motive power at 
hand was not sufficient to lift the v/ater the required 
height it was customary practice to lift the water in 
two or more stages. 

In view of the fact that so little definite 
information concerning the oerformance of these pumns 
under varying conditions wa3 available, it has been the 
purpose of this investigation to determine, if possible, 
the laws governing its efficient operation. The 

results sought for may be divided into three parts: - 

First: lIThen the head to be pumped against, 
or the amount of ?/ater to be delivered, or both of them, 
is kno'^m; to determine the most efficient operating 
speed. 
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Second: To determine how closely the relations 
between head, speed, power, etc. for the centrifugal 
pump fit this type of pump. 

Third; To arrive at some conclusion as to what 
limits the use of the Auger Pump for practical pumping. 

The authors are greatly indebted to Prof. 
C* i. Corp, for the many helpful criticisms and 
suggestions received. Thanks are also due to Mr. 
C. Deidrich, of the Hydraulic laboratory, for his 
valuable assistance and suggestions in the construction 
of the apparatus. 
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Plate A. 



General Vi^w of Pump Test Apparatus. 
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C H A P r £ R 11. 

APFAHATUS. 

Q£S£RAL LAYODT . A general Idea of the arrange-^ 
ment of the apparatus used in performing the testa can be 
had from Plate A. Fig. 1 is a plan and elevation of the 
apparatus » and Fig. Z shows a cross section thru **A-A^ of 
?ig»l» ?igs» 3 and 4 show the details of the float gages 
and the brake standard • 

MOTIVS POVSB • The motive power was furnished 
by a constant speed, direct current » shunt motor, rated at 
550 volts, 25 amperes, and 1300 R*P.U» A view of this 
motor and the different si&ed wheels which were attached 
to its shaft in driving the pump is shown in Plate B* As 
shown in the plate, it was set on two firm runways, arrange- 
ed so that in addition to the movement provided in the base 
of the motor itself, it could be moved in either direction 
to provide for the tension in the belt, when different siz- 
ed pulleys were used to vary the speed at which the pump 
was operated » 

7AB1AT10S 09 SPis^JD • In all, five pulleys were 
used; a 6 l/a inch^ a 9 inch, a 12 inch, a 14 inch, and 
a 15 inch, giving pump speeds of approximately 300 R.P^M., 
390 R. 2. !!•, 513 R*P*ll. , 600 R*P*U- , and 640 R-P,tt* A 
S8 inch steel pulley was used on the pump shaft. 
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Plate B. 



Motor and different sized drive whee]3. 
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BSLT rfiAI3M13SX0I • As it waa necessary to use 
a rerj long drive belt» and as it was found that a robber 
composition belt best suited the damp conditions under which 
it was to be used, trouble was at first experienced in 
maintaining sufficient tension in the belt to keep it from 
dropping down and slipping off from the pulley on the punqo 
shaft . 

IDLSB PDLLiOr * This difficulty was overcome by 
the use of an idler pulley supporting the slack side of 
the belt at about the mid points !Phe vibration of the 
idler fozmed small waves in the still basin causing some 
trouble in reading the hook gage, but with sufficient 
bracing this trouble and source of error was practically 
eliminated* 

FQII? 38X92 • The pump shaft was fixed to two 
18 inch by 12 inch horizontal timbers, irtiich were clanqo* 
ed to the floor and braced by four stay rods provided 
with turn buckles* By means of these four stay rods 
with turn buckles a very fine adjustment of the pump 
shaft bearings was easily secured* The shaft was made 
up of two sections, joined by a shaft coupling. This 
was essential because of the necessity of removing the 
pump irtieel when the brake runs were made. 

PUMP HE££Ii AfiD SHUTT SUPPORT • The lower end 
of the shaft was supported by a lignum vitae bearing, 
resting in a steel socket cap attached to the shaft* 
Just above this the pump wheel was attached to the shaft 
by means of three headless set screws* At the end of the 
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ahaft and below the pump «heel a small olroular bearing 
block was fastened by means of two ordinary set screws* 
The Wheel turned in a oast iron casing » so that the joint 
was comparatively close » The floor of the pumping pit 
was 24 inches above the floor of the large water supply 
chamber » 

BfiAKS AID BRAK£ WSEEL • At the top of the shaft 
and above the upper 12 inch by 12 inch horizontal timber a 
20 inch bralce wheel was fixed* To this a Prony brake with 
a 41 inch brake arm was attached when brake runs were made* 
The point at the end of the brake arm was made to press 
against the vertices, leg of a bell crank that was swung 
by a knife edge from a standard* The horiaontal arm of 
the bell crank transmitted to load to the scale platform 
through an upright post set on the platform* A view of 
this apparatus » used in determining the power input to the 
purnp^ is shown in Plate C* Considerable difficulty was 
at first experienced with the brake arm because it was made 
of a bar of wrought iron» This was due to excessive vi** 
brat ions* One time the brake arm broke away from the bell 
crank, doing considerable damage* To prevent a recurrence 
of this and avoid the excessive vibrations a lighter brake 
arm was made of wood and the standard more securely braced* 

A covering of tar paper was arranged on a frames- 
work just below the brake lAieel^ to protect the belt from 
the dripping water used to cool the brake wheel* 

SPEisJ) lUCOBDER - The speed was taken by a con- 
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Plate C. 



Apparatus used in determining the power input 
to the Pump Shaft . 
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tixraous revolution ooonter operated by an eooentrio pin 

at the top of the shaft. Time was taken Vith a atop watoh. 

I&IR •» The amount of water pumped vaa measured 
by a 22*4 inoh weir» with suppressed end oontraotions. 
The weir was calibrated by checking it with a 2 foot weir 
that had been previously calibrated by Mr* C. P» Conrad 
and his party, as a part of their thesis » The methods 
and results of this weir calibration will be found in 
Appendix A. The head on the weir was measured by a stand* 
ard hook gage fixed to a metal still-basin at the left of 
the weir-channel, a view of «hich is shown in Plate !>• 

The several methods of determining the zero of 
the hook gage may be found in Appendix B. 

■KXR CH&SfiEiL • To break up the current s* iron 
out the waves, and lessen as much as possible the turbulent 
condition of the water as it left the pump pit, baffles 
were set in the channel about five feet back from the weir 
and a floating raft was placed about two feet above the 
opening in the channel leading into the hook gage still 
basin. This is well shown in Tig. 3, Section on C»C* 

FLOAT GAfiS^* The difference in head pxmped. again- 
st, that is the difference in the height of the water in the 
chamber and in the pumping pit, was measured by means of 
float gages shown in 'ig»3. Section on B*B» These float 
gagest one connected directly to the chamber, and the 
other to the pumping pit, by means of pipe lines, were 
made of air tight metal cans, weighted at the bottom so 
they would float only in a vertical posit ion • These 
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Plate D. 



Standard Hook Gage 
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Plate E. 



Chamber and Pump Pit Sages. 
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Plate P. 



Recorder' 3 Table. 
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cans were coimtdr balanced by l/4 Inch round rods exactly 
two feet long and connected by a light copper wire ran-* 
ning OTer two 5 inch frictionless aluminnm pulleys » shown 
in Plate i&« 3teel graduated scales were placed in front 
of the rods so that gage readings could be read directly 
from either the top or bottom of the rod, notation being 
made in each case which was used* The floats were guided 
liy two pipes» each 4 l/2 inches an diameter. To protect 
the very li^t copper wire from being bumped into and 
broken it was found necessary to thread it through 3/4 
inch pipes extending up to within a few inches of the 
aluminum pulleys. The gage pipes were provided with 
valves vhich could be adjusted so as to prevent the 
floats from bobbing up and down too much due to the tur- 
bulent condition of the water. 

Ifhe method of determining the aero of the float 
gages will be found in Appendix C. 

POISR ISFUT • The K^'S^ input of the motor was 
measured by an ammeter and a voltmeter arranged on the 
recorder's table ^ as shown in Plate 9. 

WAIifiH SUPPLY - The chamber, preparatory to 
running a test, was filled by a 3 inch service pipe under 
90 pounds head connected with the University Pumping 
Station, or by the low lift centrifugal pus^ in the 
Hydraulic Laboratory* 
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C H A P !? S R 111. 
£I£IFE0S3 OF TESTIS Q. 

T2£ST3 - !Che tests were made in series^ a com- 
plete test being made at a certain speed before the pulley 
on the motor was changed or the belt tension altered* 
fiaoh test was numbered^ as well as each rxm of every test» 
so that confasion was avoided when data was referred to. 

BRAKS; SSJUa ^ Ihe brake was attached to the brake 
wheels after removing the pxzBip wheel, and enough water was 
let into the pnmping pit to just submerge the lignxun vitae 
bearing and thus keep it cool# In making the brake runs 
one man was stationed at the table » and took readings of 
the voltage and amperage at intervals of about 10 or 15 
seconds p and another man was stationed at the brake wheel 
where he could maintain a constant load on the scale by 
tightening or loosening the brake band. By means of a 
stop watch and continuous revolution counter Observations 
were made for determining the R*F#U« It was found most 
convenient to call these to the meter recorder. For 
determining the speed the indicator readings were read 
from one to two minutes apart. Runs were made with net 
loads of from ten to sixty pounds on the scale* These 
were made at from five to ten pound intervals and at least 
three or four determinations of speed were made. 

PRKCAOTIOSS TAKEB • Since in determining the 
efficiency of the pump, the ratio of the H.P. delivered 
to the pump shaft by the motor (obtained from the rating 
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curve) to the work done in pumping (height pumped againt 
in feet times the weight of the water in pounds per aeoond 
divided hy 550) is used, small errors in performing the 
brake tests and in plotting the curves might have consider- 
able effect on the final results* For this reason all 
possible care was exercised both in making the runs and 
in plotting the results. All computations for brake runs 
were made before any change in the apparatus was made. 
The reason for this was that if there was any doubt about 
any point on the rating curve check runs could be made 
under the same conditions until all the points lay on a 
smooth curve. Care was taken to keep the tension in the 
drive belt the same in both the brake rues and in the 
punqo rans* 

PUUP RUfiS - After a brake run had been made 
with a certain speed the Prony brake was removed and the 
pump wheel attached to the end of the shaft and a series 
of runs made under different heads of water, starting with 
as low a head as possible and ending with as large a head 
as could be obtained, with the apparatus and still have the 
bottom of the pumping pit entirely submerged. The lower 
limit was determined by the head at which back water 
interfered with the water dropping over the crest of the 
weir in the proper manner and under the same conditions 
in which it was calibrated. 

AMUSmiafT OF HEAD - The chamber was filled 
with water from the three inch supply pipe, or from the 
centrifugal pump in the laboratory, until the water in 
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the ohamber and channel was at a level slightly above the 
top of the weir crest* The punp vas then started, and, 
if after conditions became constant, the difference in 
height in the chamber cuxd in the channel .by rough measure-* 
ments^ vas about one foot, everything vas ready for the first 
run* The required differences in head punned against were 
adjusted by letting water out of the chamber through a 
sluice gate located at the bottom and in one comer of the 
chamber* Pump runs were made with heads varying from about 
one foot up to about ft»6 feet, which was the maximum obtain* 
able with the apparatus used» !7he heads were varied in 
steps of one foot or less, so that enough points to make 
a good average curve were obtained* 

COfiSTMr PUSEF1B& C0in)lTI0fi3 fiUCKSSARY « It was 
important that a run should not be started until the pump* 
ing conditions became constant » IPhis could be determined 
by watching the hook gage, for when the head on the weir 
was almost constant the quantity of water pumped was con« 
stant. A3 the head pumped against was increased each run, 
the height of the water over the crest of the weir lower* 
ed each time and no readings were taken until it was oer«» 
tain that the height of the water over the weir would no 
longer decrease* Once or twice trouble was experienced 
in the results due to not having waited enough for constant 
conditions* As the floats sometimes stuck in the pipes 
special care was taken to see that the wires were perfect- 
ly free in their operation before any gage readings were 
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taken • 

C0STIBD0U3 \JSii OF WATZH » The mter was drawn 
from the large chamber through the opening below the pump- 
ing pit» the bottom' of which was 20 inches above the floor 
of the chamber, and lifted by the screw motion of the pump 
wheel, up through the pumping pit and into the weir channels 
Eere it was measured by means of the hook gage* From the 
weir the water dropped back into the supply chamber, where 
it was again punqoed up over the weir. 

PAHTY AKD DUiTiilS OF iAQE UAM - Tliree men were 
required to inalce the pump runs* One man was stationed 
at the table emd recorded the aunperage and voltage, taking 
readings at intervals of about 15 seconds, and also read- 
ing the float gages at intervals of about one minute, 
each time being sure that the float gages were operating 
fret;ly» As it was very izsportant to obtain an accurate 
average of the amount of water pumped one man did nothing 
but read the hook gage, he trying to get a reading for the 
crest and trough of every other wave, the readings being 
taken about fifteen secor.ds apart. '-^h^ third man was 
stationed at the revolution counter. Besides taking 
four or five speeds for each run, by means of a steel 
tape and plumb bob he obtained rough readings for differ- 
ences of head pumped against, to be used merely as a check 
on the cooqputat ions obtained from the readings taken by 
the float gages* 

CE£CK RUiSTS -* All computation for each pump run 
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at a certain speed were made before there was any change 
in the apparatus so that check runs could be made if all 
the points did not lie on a smooth curve ^ 

With the objects mentioned in the preTions pages 
clearly in mind» namely:* 

1. The determination of the most efficient 
operating speed; 

Z. The study of the laws of the small auger 
puii^; and 

3. !rh6 determination of the limits of efficient 
operation; 

the authors, by various methods^were able to check up 
the results at various times, thereby ascertaining whether 
or not they were on the right track. It was not uncommon 
to go over many of the tests time and again when the results 
did not show what might be expected, in order to have ab- 
solute proof of any conclusions arrived at. 
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C H A P r E R IV. 
COMPUTAPIOH 01 BESDITS- 

RATXBG CURVES OF UOTOR ABS PUMP - As was mention- 
ed before^ all runs were aompnted and plotted before any 
changes were made In the apparatus • !rhi3 not only lessened 
the chance for error but it also sabred much time. The 
purpose of the brake runs was to determine the power de- 
livered to the pump for a given power input to the motor. 
For the higher speeds the friction leases^ etc.^ were prao* 
tically constant so there is but little difference in the 
general shape of the curves* To assure accurate results 
brake runs were made at every speed* At the low speeds 
the friction losses are quite appreciable and any varia- 
tion in the tension of the belt was certain to introduce 
a large error • For this reason special care was taken 
in making and checking the brake runs at the lower speeds. 

The kilowatt input to the motor was taken as 
the product of the average values of fhe volts and amperes. 
The speed used was the average of four determinations at 
each lo€Ld. The dead brake load was checked before each 
aeries of brake runs, and the net brake load was taken as 
the load indicated by the scale minus the tare toad. 

The brake horse power was determined by the 

foramla:- B.H.P. s g ir L 1 W — 

33,000 

wbere L » length of brake arm in feet (~) . 

IS 

I • R. P. M- 
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W s net brake load on the scale an pounds 
or B^H.P* • .000651 I W 

IMie values of kilowatt inpnt to the motor were 
plotted as abscissae and B.E^P. as ordinates* The curves 
in all cases were practically straight lines, as would be 
expected with the rainge of loads used. 

PUMP DATA - In working up the results of the 
pump runs the average value of ^ach part of the ran was 
used. The kilowatt input to the motor was determined the 
same as in the brake runs* Knowing the kilowatt input 
to the motor the usefal horsepower input to the puinp was 
obtained from the curves plotted from the results of the 
brake runs. 

2ER0 OF HOOK GAQ£ * The zero of the hook gage, 
which was taken as 0.0398 feet, was the average value of 
a number of deteiminations» enqploying different methods 
as described in. Appendix B. 

ZL&RO 07 FLOAT SAGQ^IS * The zero of the float gages^ 
which was taken as 3.594 feet, was the average of many 
determinations, as described in Appendix C. 

EMS PUMP^ AGAXHST - The head in feet v^mpei. 
against was determined from the float gage readings. After 
the aero of the float gages had been determined the con- 
stant difference between the tops of the two rods, when 
the water in the chamber and the channel are level, is 
known. Thi3 value, used in all computations, was found 
to be 43*594 feet. From an inspection of Fig*3, Section 
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on BwB» it oan be seen that as the head is increased, as 
the water in the chamber is lowered, the chamber float 
falls and the gage rod rises the same amount « As the 
piuqpage falls off with increased heads the channel gage 
rod rises, although but very little compared with the 
change of the position of the chamber gage rod, due to 
the fact that a small change of head on the weir represents 
a large change in the discharge • The difference in head 
punq^^ed against is found by adding to 3«594 the algebraic 
sum of pujsp and chamber gage readings, the former being 
considered negative and the latter positive. 

E.P. DELIVEHED BY PUMP ^ Knowing the head on 
th^ weir crest, the discharge in cubic feet per second 
was determined from the rating curve of the weir. (See 
Plate U). The amount of water pxusped in cubic feet 
per second^ multiplied by 62 .396 gives the quantity in 
pounds per second. The net horse power delivered by 
the puB^ is equal to the pounds per second punqped times 
the head in feet divided by 660. 

fiEPlCISNCY - The efficiency of the pxunp is 
equal to the ratio of the H*P* input to the pump to the 
H.P* delivered by the pump. The percent efficiency is 
this ratio multiplied by 100» 

3P?ii*IT>3 -^ The speeds, or H»P.M», were not used 
directly in the pumping computations. These were taken 
merely for the purpose of finding the average speed of 
operation, which value was to be used in the final curves 
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and conolusiona* 
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C H A P r Z fi 7. 
BlSCUSSIOl! OF CURVES ABB BESULTS. 

The first objeot of this test was to determine 
the most efficient operating eipeed under different conditions. 

fhe curves on Plate 71 show the efficiencies of 
the 16 inch anger pump operated at various speeds » and 
at different heads pumped against* These curves were 
plotted from the pump run data, pages 37to 40- It was 
assumed that the variation of efficiency could be shown 
by a smooth curve* When a point did not lie so that a 
smooth curve could be drawn thru it, it was considered 
that this was due to experimental errors, and a smooth 
curve approximating as closely as possible the true 
variation was drawn in* 

An inspection of this group of curves will show 
the general shqpe of the efficiency curve for the au^r 
puflQ)* The curve for 397 H*P.M» gives the general shape 
of the whole curve. For the lower speeds, as S04 R.P.M* 
and 397 R*P*M* it was possible to obtain practically the 
entire range of efficiencies* With the apparatus used, at 
the higher speeds it was only possible to go slightly 
beyond the point where the maximam efficiency occurred, 
so these curves show only the first part of the entire 
efficiency curve. 

There are two curves for the speed of 304 R.P.M. 
While they both have the SHBe maxAmnm efficiency, it 
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occmrs at a slightly larger head in one caae than in the 
other. This is due to the fact that the total power in- 
put vaa ao small that the friction losses made up a very 
large part of it. As the two curves were obtained from 
two entirely independent runs, each including both brake 
and pump runs* the difference In the friction losses was 
undoubtedly due to the change in the belt tension. 

As the speed of operation is increased the max* 
imam efficiency becomes greater, and the head pumped again- 
st, at which the maximum efficiency occurs, also becomes 
greater. !rhe maximum efficiency reached in these tests 
of the 16 inch auger pump is shown to be about Z9% when 
operated at a speed of about 525 B.F.M., but the head 
pujoped against is comparatively low, being about 3.75 feet. 

With this variation in efficiency, due to 
changes in the speed, head, etc.» table 1 was drawn up, 
all values being taken directly from the curves or from 
average results on the data sheets. 



TABLE 



Head 
in Ft. 

E 


Host £f. 
flolent 
Speed 
R. P. tt. 


Dlsohargs 
Cu.Pt.per 
Second 


Discharge 
Sal. per 
minute 


1.300 


304 


2.115 


960 


2.275 


397 


2.510 


1130 


3.750 


523 


5.980 


1790 


5.000 


606 


4.839 


2170 


5.740 


653 


5.000 


2250 



% Efficiency 
to be expect- 
ed 



28 
34 
39 
38 
37 
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From this table the cnrvee on Plate 7X1 were 
plotted. It waa at first thought that all these fariahles 
could he shown by a single ourve having a graduated scale 
representing discharges and efficiencies* !Fhis was tried, 
but on investigation it was foxmd that the scales varied 
so ununiformly that this was given up and the variation 
ahown by means of several ourve s* 

From these curves !Pable 11 was made for heads 
varying from one foot to six feet; showing the most effi« 
cient operating speed, discharge of water (gal* per minute), 
and the efficiencies to be expected. 

7 A B L £ 11. 



Head 
in 


Moat Sffi- 
oient Speed 
B. P. M. 


Discharge , 
Sal. per 
Einnte 


^ Sffioiency to 
be Expected. 


1.0 




276 


920 




26.5 


1.5 




325 


975 




29.0 


2.0 




370 


1060 




32.0 


2.5 




418 


1225 




35.0 


3.0 




460 


1420 




37.0 


3.5 




500 


1670 




38.5 


4.0 




540 


1880 




39.2 


4.5 




576 


2040 




39.0 


5.0 




606 


2170 




38.5 


5.5 




640 


2230 




37.5 


6.0 




666 


2260 




37.0 



The curves of Plate Vll indicate that the effi-*- 
oienoies drop off at higher speeds* The conclusion 
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reached in this report, however, 13 that vhlle this may 
be true, speeds greater than 665 H*P#M* are not efficient 
3peed3 under a range of heads less than 3lx feet. 

L4ira OF THE IDGilH PUMP • The second ohject of 
thi3 test was to determine whether or not the laws of the 
centrifugal puisp hold for the auger pump. 

It is apparent that the height to which a centri- 
fugal pump can lift water depends upon the 3peed at which 
it 13 operated. Ftom the laws of the centrifugal pump we 
know that the peripheral speed of any runner may he express- 
ed as _ 

u « vnSgK or 

' V g gh 
where u » peripheral speed in feet per second 

^ :^ a constant 

g s 32»S ft* per second 

h « head pumped against in feet 
4 must have a most efficient value depending on the design 
of the centrifugal pump. It is then evident that the 
hest speed for a given pump varies as the square root of 
the head. lie can also see that for moderate changes in 
head the efficiencies of a given pump will vary but little 
as long as the speed is changed so as to keep the value of 
4 constants 

Then the law of the centrifugal pump may be 
expressed as H _/§* 

where 11 • the speed in H.P.Ll. 
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E • the head pxusped against in feet, and 

Kj^ and H^ signify the higher speed and corresponding 
higher head* 

To see how closely the hehavior of the auger 

pump follows that of the centrifugal pump, as set forth 

in the preceding law this relation may he expressed as 

X « y* 

Where x * " , and y » " 
II Hi 

The curve on Plate 7111 is the hyperbola 

x*« y . Prom tahle #1 we can take the values of If and 

n^ and calculate the value of x (« ^ ); also H and E^ 

and determine the values of y (s § )* These values 

Hi 

were computed and the points plotted on the curve. Since 

we have squared the value y±^ » as a matter of convenience 

»Hi 

in computations, and since the results when plotted lie 
closely to the curve j^s y , it can he seen at once that 
the relation 5 - -ij^ for the centrifugal pump also holds 
for the auger piunp under the conditions of this test. 
The values of B and ISij in all cases represent the most 
efficient operating speed, and B and H^ the corresponding 
heads pusq)ed against* Although the max imam range of heads 
that the 16 inch auger pump may he operated under could not 
be used in these tests, due to the inacleq,uacy of the appar-* 
atus, it may be safely concluded that th'd relations just 
proven will hold throughout the entire range of practical 
operating heads. 

The tabulated values, from which the points 
were plotted are shown in Table III. 
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TABLE 111. 



^ »s 


y-H 


1^1 


^ Hi 


.766 


.571 


.758 


.607 


.865 


.750 


.502 


.260 


.926 


.871 


.466 


.226 


.608 


.397 


.800 


.654 


.656 


.455 


.581 


.346 



Ihe third object of this test was to arrive 
at some conclusions as to within what limits the use 
of the augor pump for pumping is practicable. 

From oliservations made during the test runs 
the range of heads best suited for the use of the auger 
pump is from four to seven feet* For heads less than 
four feet this type of pump cannot be operated econom- 
ically, although it may work satisfactorily where large 
discharges are desired. 

The principal advanta?re of the auger pump for 
low lifts is its simplicity of design, and the ease with 
whxch it can be installed under almo3t any condition. 
Its use is particularly adapted to isolated districts 
and places whtre it will receive but little attention 
other than that of k^^eping the engine in operation, as 
is the case where drainage work is done. Any repairs 
that might be expected would quite likely be such that 
they could be made at any farmhouse. 
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APP£SDIZ ▲. 
CALlBfiATlOJI OF THE 22^4 IHCH CEAHKil HKIR. 



Veir Box used in Calibrating 
Channel leir. 



The channel weir was calibrated directly from 
the two foot weir, which had been previously calibrated 
by lix. C^ ?• Conrad and Mr* L#E«Doolittle* Water was ran 
from the high pressure mains into the weir box equipped 
with the two foot weir, for the low heads* From this weir 
box the water was directed into the channel of the testing 
apparatus discharging over the 22*4 inch channel weir. 
Averj precaution was taken to prevent any leakages* The 
head of water on the two weirs was determined by simul- 
tsuieous readings taken from the hook gages* 

Knowing the head on the two foot weir from the 
calibration curve, previously drawn, the discharge in 
cubic feet per second could be determined. The relation 
between the discharge over the weir and the head on the 
weir crest may be expressed by a parabola of the form 
X a cy'^^. If the logarithms of the head and discharge be 
plotted a straight line variation is shown. The logar- 
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ithma of the hc^ada on the 22.4 inch weir and the logarithms 
of the discharge in cnhic feet per second, as ohtalncct from 
the rating curve of the previously calibrated two foot 
weir, were plotted. From the straight line thus obtained 
the values for plotting the rating curve were taken by 
reading off the logarithms and plotting the anti-logs. 
The rating and logarithm curves are shown in Plate IX. 
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▲ PPSSDIX B. 
DUsITJ^iiMlSATlOS OF THK ZERO CF TEE HOOK GJlQE. 

One method used for determining the s&ero of the 
hook gage, was to let water into the channel until it stood 
slightly above the weir orest. Then the chamber sluice 
gate was opened a very small amount so that the water 
level was slowly lowered. One man was stationed over 
the weir and, with the aid of a ligiht for magnification 
purposes, noted when the knife edge of the weir just showed 
at the surface of the water, at which time another man 
recorded the hook gage reading* IThis was repeated many 
times and an average value used in the computations* 

Another method was one devised by Prof «C*l*Corp, 
of the Hydraulic Department* The apparatus used is 
shown in Fig* 5. 
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A small trough •A'*, about l/4 the length of the 
weir, was claioped 30 that its top was slightly above the 
weir crest '•B*, as shown in the sketch, Fig»5. A rubber 
tube ''C** connected the trough and the hook gage stillbasin 
^^. Water was poured into the still basin, from whence 
it flowed through the rubber tubing and out over the crest 
of the weir until the water stood at the same level as the 
crest of the weir« Time was then allowed for a condition 
of equilibrium before the hook gage was read by raising or 
lowering the point ^^ until it just punctured the water 
surface. The av^erage reading obtained from the different 
methods was 0»0398 feet, which was used in the computations* 
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APPEHDIX C. 

]>£!rii£M15AT10ir 07 TEE ZERO OF PEE FLOAT GAGES. 

The aero of the float gages was determined by 
filling the chamber with water to different heights. 
When the water in both the channel and the chamber was 
at the scune levels readings were taken on both the gages. 
An average of the differences of the two readings^ which 
was found to be 3*594 feet, was used in making the 
computations. 
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BlBLiOSRAPEY. 

.fi. L. Sattgherty Eydraullc IParMnes. Chap .2, p. 98, 

Chap. XiV, p. 135. 

I, P. Churoh Eydraulic Motora, Chap* VXI, p. 166 

Charles E* Innea Centrlfagal Pampa; IParhlnes and 

Water Motors, Chap. ZXV . IXL. 
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